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SECTION 2 - PLUME MODEL

This discussion of the Plume Model used for Hackberry Carbon Sequestration Well No. 001 was
prepared to meet the requirements of SWO 29-N-6, §615.31 [40 CFR §146.84]. This section
describes the key details of the plume model. The plume defines the pore space rights, area of
review (AOR) for the well, corrective action plan if necessary, and overall viability of the project. The
Hackberry Carbon Sequestration project will be comprised of three (3) wells for a total project
injection capacity of 4.5 million metric tons of carbon dioxide being injected and sequestered per
year.

The modeling software used to evaluate this project was Computer Modelling Group’s GEM 2020.11
(GEM) simulator. Computer Modelling Group (CMG) has put together one of the most accurate and
technically sound reservoir simulation software packages for conventional, unconventional, and
secondary recovery. GEM utilizes equation-of-state (EOS) algorithms along with some of the most
advanced computational methods to evaluate compositional, chemical, and geochemical processes
and characteristics to produce highly accurate and reliable simulation models for carbon
sequestration.

GEM utilizes
the compositional methods described above along with equations specific to CO; to effectively
model and simulate plume behavior within the injection intervals.
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Model Inputs

Trapping Mechanisms

The flow of CO,, or plume migration, can be defined by five primary trapping functions: structural,
hydrodynamic, residual gas (hysteresis), solubility, and geochemical. Each of these functions is
explained in further detail below.

Structural Trapping

Structural trapping is a physical form of trapping caused by geological structures. CO is much lighter
than the connate brine and therefore tends to float to the top of the injected formation and is stored
beneath the cap rock. For this model, CO, mass density ranges from between 38 Ib/ ft3 in the shallow
injection intervals and up to 53 Ib/ft® in the deep injection intervals, whereas brine density is
approximately 68 Ib/ft3. Common examples of structural trapping include cap rock geology such as
shales which prevent upward migration of the injected gases and faults or pinchouts which can limit
the lateral extent of the plume migration within the reservoir.

Hydrodynamic Trapping

Hydrodynamic trapping is another physical form of trapping caused by the physical interaction of
CO; and brine. The carbon dioxide will push against and/or mix with the brine differently depending
on pressure deltas and phase of the CO,. This mechanism is particularly effective in laterally
unconfined sedimentary basins with limited structural traps, but with large-scale flow systems and
low groundwater and fluid flow rates as is seen in the Hackberry location.

For both structural and hydrodynamic trapping, equation-of-state (EOS) calculations are performed
to determine the phase of CO; at any given location based on pressure and temperature. Several
well-known EOS formulae are used within the oil and gas industry for reservoir modeling. These
include the Van der Waals equation, the Peng-Robinson method, and the Soave-Redlich-Kwong
method. The EOS implemented within the Hackberry Carbon Sequestration Well No. 001 model
was the Peng-Robinson (1978) due to its widely accepted use for volumetric and phase equilibria.

Residual Gas Trapping

Residual gas trapping is the physical trapping of CO, within pore space. As water is displaced in the
rock, the CO: fills in the space. However, depending on the movement of CO, and the aqueous
phase through saturation and capillary forces, CO2 will remain imbibed within the pore space and
become trapped. As with the structural and hydrodynamic trapping discussed above, several
methods are used in the petroleum industry for determining residual gas trapping such as the
Carlson and Land model and the Larsen and Skauge model, both of which are available in GEM. For
the purposes of the simulation discussed herein, the Larsen and Skauge model was used for its
ability to determine 3-phase relative permeabilities which includes water phase hysteresis. Whereas
the Carlson and Land model is somewhat limited in that it is primarily used for 2-phase hysteresis
between oil and gas only.
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Solubility Trapping

Solubility trapping is a form of chemical trapping between CO2 and brine. CO; is highly soluble in
brine with the resulting solution having a higher density than the connate brine. This feature affects
the reservoir by causing the higher density brine to sink within the formation thereby trapping the
COz-entrained brine. This dissolution allows for an increased storage capacity and decreased fluid
migration.

For solubility modeling, GEM offers the options of the Harvey (1996) and Li-Ngheim’s (1986)
methods. While the Harvey method is often preferred in situations with extremely high sodium
chloride content, the Li-Ngheim’s method was chosen due to its ability to include solubility
parameters specific to CO,, which were defined using Henry’s Law Constant Correlations.

Geochemical Trapping

Geochemical trapping, or mineral trapping, is another form of chemical trapping that occurs due to
reactions between CO; and the geochemistry of the disposal formation. During injection of COzinto
the disposal reservoir, four (4) primary chemical compounds are found: CO; in supercritical phase,
insitu hydrochemistry of the connate brine, agueous CO3, and the geochemistry of the formation
rock. The aqueous CO; is an ionic bond between the CO; gas and connate brine within the
formation. These compounds will all interact with each other often resulting in CO, being
precipitated out as a new mineral. This new mineral is typically Ca COs, or calcium carbonate
(limestone).

Mineral trapping can also occur due to the adsorption of CO; onto clay minerals. Once hysteresis
and solubility trapping have been included in the model, geochemical formulae can be added
through an internal geochemistry database to describe mineral trapping reactions. For agueous
reactions, the following formulae were used:

CO3;*+H* = HCO;3
OH™ + H*Y = H,0

These three (3) reactions are all common ionic reactions that can occur in the reservoir between
water and/or CO,. The following formulae show the mineral reactions used within the model. Each
of these is a common mineral found within sandstone in an underground aquifer and cause the
precipitation of carbon oxides in a solid state:

Anorthite (CaAl,Si,05) + 8HT = 4 H,0 + Ca?* + 2A1**
Calcite (CaCO3) + HT = Ca?*t + HCO3~
Kaolinite (Al,Si,05(0H,)) + 6H* = 5H,0 + 2AI3* + 2Si0

While geochemical trapping can have a greater impact on carbon dioxide over hundreds or
thousands of years, the short term effects of these trapping mechanisms are relatively small, and
fluid movement is predominated by hydrodynamic and solubility trapping. Due to both the current
limitations in data for the compositions of these minerals and components in the reservoir and the
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computational stress added to the software, the geochemical trapping mechanisms have not been
assumed in the current model. As more data is received on the geochemical properties of the
reservoir, sensitivities could be run to determine the applicability of these traps.

Stratigraphy of Location

Hydrogeology











Relative Permeability and Capillary Pressure






A study was presented at the SPE Annual Technical Conference and Exhibition in October 2003 that
focused on correlations used to determine maximum residual gas saturation in various sandstone
reservoirs. From this study, it was found that for sandstone with large porosity, and specifically
sandstone with large pore sizes, had the ability to trap more residual gas (Suzanne et al., 2003).
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The model is assumed to initially be completely brine filled.

Initial Conditions






Injection Rate

The injection rate can be limited by either a set maximum injection rate or maximum pressure in
the wellbore.

The calculations for fracture pressure are shown in Eaton’s
Equation below, where FG is the fracture gradient, v is Poisson’s Ratio, OBG is overburden gradient,
and Py is the pore pressure gradient:

\Y
FG = TV(OBG —-PB,)+PB,

Injected Composition

The composition of the injected fluid in the model is based on the actual expected components to

_
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Completion Plan
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Model Orientation and Gridding Parameters

Spatial Conditions






Boundary Conditions

Model Timeframe

Model Results

After variable inputs for all of the above parameters, the model was run. The primary objective of
the model is to optimize injection patterns to reduce the horizontal extent of the plume while
keeping below the fracture pressure for the targeted injection rate.
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SECTION 2 - PLUME MODEL

This discussion of the Plume Model used for Hackberry Carbon Sequestration Well No. 001 was
prepared to meet the requirements of SWO 29-N-6, §615.31 [40 CFR §146.84]. This section
describes the key details of the plume model. The plume defines the pore space rights, area of
review (AOR) for the well, corrective action plan if necessary, and overall viability of the project.
The Hackberry Carbon Sequestration project will be comprised of three (3) wells for a total project
injection capacity of 4.5 million metric tons of carbon dioxide being injected and sequestered per
year.

This modeling software used to evaluate this project was Computer Modelling Group’s GEM
2020.11 (GEM) simulator. Computer Modelling Group (CMG) has put together one of the most
accurate and technically sound reservoir simulation software packages for conventional,
unconventional, and secondary recovery. GEM utilizes equation-of-state (EOS) algorithms along
with some of the most advanced computational methods to evaluate compositional, chemical, and
geochemical processes and characteristics to produce highly accurate and reliable simulation
models for carbon sequestration.

GEM utilizes

the compositional methods described above along with equations specific to CO; to effectively
model and simulate plume behavior within the injection intervals.
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Model Inputs

Trapping Mechanisms

The flow of CO,, or plume migration, can be defined by five primary trapping functions: structural,
hydrodynamic, residual gas (hysteresis), solubility, and geochemical. Each of these functions is
explained in further detail below.

Structural Trapping

Structural trapping is a physical form of trapping caused by geological structures. CO; is much
lighter than the connate brine and therefore tends to float to the top of the injected formation
and is stored beneath the cap rock. For this model, CO; mass density ranges from between 38 |b/
ft3 in the shallow injection intervals and up to 53 Ib/ft3 in the deep injection intervals, whereas
brine density is approximately 68 Ib/ft3. Common examples of structural trapping include cap rock
geology such as shales which prevent upward migration of the injected gases and faults or
pinchouts which can limit the lateral extent of the plume migration within the reservoir.

Hydrodynamic Trapping

Hydrodynamic trapping is another physical form of trapping caused by the physical interaction of
CO; and brine. The carbon dioxide will push against and/or mix with the brine differently
depending on pressure deltas and phase of the CO,. This mechanism is particularly effective in
laterally unconfined sedimentary basins with limited structural traps, but with large-scale flow
systems and low groundwater and fluid flow rates as is seen in the Hackberry location.

For both structural and hydrodynamic trapping, equation-of-state (EOS) calculations are
performed to determine the phase of CO; at any given location based on pressure and
temperature. Several well-known EOS formulae are used within the oil and gas industry for
reservoir modeling. These include the Van der Waals equation, the Peng-Robinson method, and
the Soave-Redlich-Kkwong method. The EOS implemented within the Hackberry Carbon
Sequestration Well No. 001 model was the Peng-Robinson (1978) due to its widely accepted use
for volumetric and phase equilibria.

Residual Gas Trapping

Residual gas trapping is the physical trapping of CO, within pore space. As water is displaced in
the rock, the CO; fills in the space. However, depending on the movement of CO, and the
aqueous phase through saturation and capillary forces, CO; will remain imbibed within the pore
space and become trapped. As with the structural and hydrodynamic trapping discussed above,
several methods are used in the petroleum industry for determining residual gas trapping such as
the Carlson and Land model and the Larsen and Skauge model, both of which are available in GEM.
For the purposes of the simulation discussed herein, the Larsen and Skauge model was used for its
ability to determine 3-phase relative permeabilities which includes water phase hysteresis.
Whereas the Carlson and Land model is somewhat limited in that it is primarily used for 2-phase
hysteresis between oil and gas only.
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Solubility Trapping

Solubility trapping is a form of chemical trapping between CO2 and brine. CO; is highly soluble in
brine with the resulting solution having a higher density than the connate brine. This feature
affects the reservoir by causing the higher density brine to sink within the formation thereby
trapping the COz-entrained brine. This dissolution allows for an increased storage capacity and
decreased fluid migration.

For solubility modeling, GEM offers the options of the Harvey (1996) and Li-Ngheim’s (1986)
methods. While the Harvey method is often preferred in situations with extremely high sodium
chloride content, the Li-Ngheim’s method was chosen due to its ability to include solubility
parameters specific to CO,, which were defined using Henry’s Law Constant Correlations.

Geochemical Trapping

Geochemical trapping, or mineral trapping, is another form of chemical trapping that occurs due
to reactions between CO; and the geochemistry of the disposal formation. During injection of CO;
into the disposal reservoir, four (4) primary chemical compounds are found: CO; in supercritical
phase, insitu hydrochemistry of the connate brine, agueous CO;, and the geochemistry of the
formation rock. The aqueous CO; is an ionic bond between the CO; gas and connate brine within
the formation. These compounds will all interact with each other often resulting in CO; being
precipitated out as a new mineral. This new mineral is typically Ca COs, or calcium carbonate
(limestone).

Mineral trapping can also occur due to the adsorption of CO; onto clay minerals. Once hysteresis
and solubility trapping have been included in the model, geochemical formulae can be added
through an internal geochemistry database to describe mineral trapping reactions. For agueous
reactions, the following formulae were used:

CO3*+ H* =HCO;3
OH™ + HY = H,0

These three (3) reactions are all common ionic reactions that can occur in the reservoir between
water and/or CO,. The following formulae show the mineral reactions used within the model.
Each of these is a common mineral found within sandstone in an underground aquifer and cause
the precipitation of carbon oxides in a solid state:

Anorthite (CaAl,Si,05) + 8H = 4 H,0 + Ca?t + 2A1**
Calcite (CaCO3) + HY = Ca®*t + HCO3~
Kaolinite (Al,Si,05(0H,)) + 6H* = 5H,0 + 2A13* + 2Si0

While geochemical trapping can have a greater impact on carbon dioxide over hundreds or
thousands of years, the short term effects of these trapping mechanisms are relatively small, and
fluid movement is predominated by hydrodynamic and solubility trapping. Due to both the
current limitations in data for the compositions of these minerals and components in the reservoir
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and the computational stress added to the software, the geochemical trapping mechanisms have
not been assumed in the current model. As more data is received on the geochemical properties
of the reservaoir, sensitivities could be run to determine the applicability of these traps.

Stratigraphy of Location

Hydrogeology











Relative Permeability and Capillary Pressure






A study was presented at the SPE Annual Technical Conference and Exhibition in October 2003
that focused on correlations used to determine maximum residual gas saturation in various
sandstone reservoirs. From this study, it was found that for sandstone with large porosity, and

specifically sandstone with large pore sizes, had the ability to trap more residual gas (Suzanne et
al., 2003).
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Initial Conditions

The model is assumed to initially be completely brine filled.






Injection Rate

The injection rate can be limited by either a set maximum injection rate or maximum pressure in
the wellbore.

The calculations for fracture pressure are shown in
Eaton’s Equation below, where FG is the fracture gradient, v is Poisson’s Ratio, OBG is overburden
gradient, and Py is the pore pressure gradient:

\Y
FG = TV(OB(; —PB,)+PB,

Injected Composition

The composition of the injected fluid in the model is based on the actual expected components to

_






Completion Plan











2-12





2-13





Model Orientation and Gridding Parameters

Spatial Conditions






Boundary Conditions

Model Timeframe

Model Results

After variable inputs for all of the above parameters, the model was run. The primary objective of
the model is to optimize injection patterns to reduce the horizontal extent of the plume while
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keeping below the fracture pressure for the targeted injection rate.
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SECTION 3 - AREA OF REVIEW AND CORRECTIVE ACTION PLAN
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Facility Information

Facility name: Hackberry Carbon Sequestration, LLC

Location: 1500 Post Oak Blvd, Suite 1000
Houston, TX 77056

Computational Modeling

Model Name: GEM

Model Authors/Institution: Computer Modeling Group, Ltd.

Description of model: Equation-of-State (EoS) reservoir simulator for compositional, chemical, and

unconventional reservoir modeling.
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Area of Review Discussion

Statewide Order 29-N-6, §615.B [EPA 40 CFR §146.84] requires that an area of review (AOR) be
conducted for a Class VI carbon sequestration well application. This AOR is defined as the region
surrounding the geologic sequestration project where USDWs may be endangered by the injection
activity. The area of review is delineated using computational modeling that accounts for the
physical and chemical properties of all phases of the injected carbon dioxide stream and is based on
available site characterization, monitoring, and operational data.

The AOR is conducted with three (3) primary purposes in mind. These are: CO;

1. Identification of any subsurface geological features which may influence the ability to store
sequestered gases for an indefinite length of time

2. lIdentification of any artificial penetrations or manmade structures which may influence the
ability to store sequestered gases for an indefinite length of time

3. Identification of pore space rights impacted by the extent of the injection plume over the
modeled time period

In accordance with Statewide Order and Federal EPA requirements, Hackberry Carbon
Sequestration will reevaluate the AOR at each of the following intervals:

» Minimum frequency of five years
» Detection of a significant change in the plume
» As otherwise warranted by routine monitoring or operational conditions

Wells identified that require corrective action within the reevaluated AOR will be addressed with an
amended AOR and corrective action plan that will be submitted to the EPA UIC Program Director
for approval. All amendments and corrective plans will be approved, incorporated into the permit,
and will be subject to permit modification requirements per §144.39.

Alternatively, wells that do not require AOR amendments or corrective action will demonstrate to
the EPA UIC Program Director that no changes are needed through monitoring data support and
modeling results. All modeling inputs and data used to support AOR reevaluations will be retained
for 10 years.
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An unfortunate impact to carbon sequestration projects, resulting from qualifying carbon injection
wells as storage wells instead of disposal wells, is that pore space rights now become of paramount
importance in the evaluation of a project’s potential. This impact could end up being so adverse
that it could possibly prevent a project from being economically viable.






This plume extent was digitized from the GEM output and imported into ArcGIS to be utilized as the
defined area of influence from which the AOR for the Hackberry Carbon Sequestration Well No. 001
was performed. Per the requirements of §615.B.1 [§146.84], a review was conducted to determine
if there were any artificial penetrations or other features which may endanger the lowermost
underground sources of drinking water (USDW) as a result of injection activity or operations. This
review consisted of creating maps depicting the area of influence and identifying any manmade
structures found within that area of review. Any artificial penetrations or other artifacts were then
evaluated for depth of completion, construction details, and/or plugging and abandonment
practices utilized to determine if said penetrations could possibly affect the containment integrity
of the storage formation(s).

—










Area of Review Results

Corrective Action Plan and Schedule

Well Name / Planned Corrective  Planned Date of Notes / Comments
Location Action Method Corrective Action
NONE NONE NONE NONE

Table 3- 2: Corrective Action Plan
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Area of Review Reevaluation Plan and Schedule

Proposed Reevaluation Cycle

Hackberry Carbon Sequestration, LLC will reevaluate the area of review at a minimum of every
five years, per SWO 29-N-6 §615.B.2.b.i [EPA 40 CFR §146.84(b)(2)(i)]. The plume migration
however, will be evaluated annually for the first five (5) years after commencing injection
operations and then, operations-permitting, every five (5) years thereafter. The purpose of the
annual survey is to confirm the validity of the plume model as compared to actual, empirical
results.

As previously stated, due to the classification of carbon sequestration wells as storage wells, it will
be important, operationally, to maintain a firm understanding of the movement of the injectate
plume within the reservoir.

Notwithstanding this relationship and at a minimum, the survey will be
performed at least once every five (5) years from the commencement of injection operations.

Table 3-3 lists some of the possible triggers for an AOR reevaluation.

Reevaluation Trigger Measure to be Taken Schedule for Reevaluation

SWO 29-N-6 §615.B.2.b.i Reevaluate the AOR as At least once every five (5)
required by statute years

40 CFR 146.84(b)(2)(i)

Annual plume migration survey Re-run the reservoir plume Within one (1) month of

identifies a greater extent than model with new data detection

modeled

Reevaluate the AOR

Table 3- 3: Triggers for AOR Reevaluations
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Annual plume migration survey
identifies the plume direction is
different than modeled

Operational Change: Injection rate
increases to a rate greater than that
modeled

Operational Change: Injectate
composition changes to a new
mixture

New site characterization data

New operations being brought
online within or near the plume
extents

Seismic event or other emergency

Table 3- 3: Triggers for AOR Reevaluations, Continued

Re-run the reservoir plume
model with new data

Reevaluate the AOR

Re-run the reservoir plume
model with new data

If plume increases in extents,
reevaluate the AOR

Re-run the reservoir plume
model with new data

If plume increases in extents,
reevaluate the AOR

Re-run the reservoir plume
model with new data

If plume increases in extents,
reevaluate the AOR

Re-run the reservoir plume
model with new data

If plume increases in shape or
extents, reevaluate the AOR

Perform a plume migration
survey

If plume increases in shape or
extents, reevaluate the AOR

Within one (1) month of
detection

Within one (1) month of
detection

Within one (1) month of
detection

Within one (1) month of
detection

Within one (1) month of
detection

Within one (1) month of
detection










Class VI UIC Area of Review and Corrective Action
This submission is for:

Project ID:  R06-LA-0007

Project Name: Hackberry Sequestration Project

Current Project Phase:  Pre-Injection Prior to Construction

Overview

Simulator Used for AoR delineation modeling: GEM

Version Used: 2020.11

Simulator Description/Documentation: https://gsdt.pnnl.qov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel1-PreConstruction/AoRModeling-01-
03-2023-1554/CBI--Page--1.pdf

Total Simulation Time From Start of Injection: 120 yrs

Additional AoR Delineation Information: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-
01-03-2023-1554/CBI--Page--2.pdf

Model Domain
Coordinate System: State Plane
Horizontal Datum: NAD83
Coordinate System Units: ft
Vertical Datum: Ground Surface
Describe Vertical Datum: Measured in feet, positive in downward direction with zero at surface
Zone: -999
FIPSZONE: -999 ADSZONE: -999
Mesh Type: Hexahedral Cartesian
Domain Size in Global Units Specified Above
Hexahedral Cartesian
Domain Coordinates File: https:/gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AcRModeling-01-03-2023-
1554/CBI--Page--3.pdf

Angle of Inclination in X Direction: -999 Dips in the Direction of: increasing x
Angle of Inclination in Y Direction: -999 Dips in the Direction of: decreasing y
Grid Size
Number of Nodes in  x:-999 y:-999 z:-999
Grid Spacing: Constant
Grid Spacing in x:-999 y:-999 z:-999
Grid File Format: ASCII file containing vertices and elements
Grid File Description: https://gsdt.pnnl.qov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-03-2023-

1554/CBI--Page--4.pdf
Grid Data File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AcRModeling-01-03-2023-1554/CBI--

Page--5.pdf
Faults Modeled: Yes

Fault Coordinates File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-03-2023-
1554/CBI--Page--6.pdf
Caprock Modeled: No
Image File(s) for Model Domain Grid: https://gsdt.pnnl.qov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-
03-2023-1554/CBI--Page--7.pdf

Processes Modeled by Simulator
Reservoir Conditions:

Supercritical CO2 Conditions

Phases Modeled:

Aqueous Supercritical CO2

Aqueous Phase:



https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phase1-PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--1.pdf
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Phase Compressibility: Compressible
Compressibility Value: -999 1/psi
Phase Composition: Compositional
Aqueous Phase Components:
CO2 Water
Supercritical CO2 Phase:
Phase Compressibility: Compressible
Phase Composition: Compositional
Supercritical CO2 Phase Components:
CO2 Water
Equation of State Description Including Reference: Peng-Robinson (1978)
File with EOS Reference or Documentation: https://gsdt.pnnl.qov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--8.pdf

Multifluid Flow Processes:
Advection Dispersion Diffusion Buoyancy
Non-wetting Fluid Trapping Mixed Wettability Pore Compressibility
Thermal Conditions: Isothermal
Heat Transport Processes:
Geochemistry Modeled: Yes
File Describing Geochemistry Modeling: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--9.pdf

Geomechanical/Structural Deformations Modeled: No

Rock Properties and Constitutive Relationships
Porosity/Permeability Model
Single Porosity
Porosity Distribution: Heterogeneous
Spatially Variable Porosity File: https://gsdt.pnnl.qov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-03-
2023-1554/CBI--Page--10.pdf
File Describing how Porosity was Determined and Assigned to Numerical Model: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-
0007/Phasel-PreConstruction/AcRModeling-01-03-2023-1554/CBI--Page--11.pdf
Image Files for Porosity Distributions: https://gsdt.pnnl.qov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--12.pdf
Permeability Distribution: Heterogeneous
Spatially Variable Permeability File: https:/gsdt.pnnl.qgov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-
01-03-2023-1554/CBI--Page--13.pdf mD
File Describing how Permeability was Determined and Assigned to Numerical Model: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-
LA-0007/Phasel-PreConstruction/AocRModeling-01-03-2023-1554/CBI--Page--14.pdf
Image Files for Permeability Distributions: https://gsdt.pnnl.qgov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--15.pdf
Number of Rock Types Modeled: -999
Description of Rock Type Selection and Assignment: https://asdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--16.pdf
Rock Type Distribution Data File: https://gsdt.pnnl.qov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-
01-03-2023-1554/CBI--Page--17.pdf
Image Files for Rock Type Distribution: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--18.pdf

Boundary Conditions
Attach Boundary Conditions Description File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--19.pdf

Initial Conditions
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Initial Phases in Domain:  Aqueous
Initial Aqueous Pressure: Varying with Depth, Temperature, and Salinity
Initial Aqueous Pressure: -999 MPa at Reference Elevation: -999 m
at Reference Elevation: -999 m
Initial Temperature: Varying with Depth
Initial Temperature: -999 C at Reference Elevation: -999 m Gradient: -999 deg C/m
Initial Salinity: Spatially Constant

Initial Salinity: -999 mg/L

Operational Information
Number of Injection Wells: 3
Injection Well #1
Well Direction: Vertical
Location: X: -999 Model Units Y: -999 Model Units
Wellbore Diameter: Constant
Wellbore Diameter: -999 cm
Well Screen Interval Provided as: Multiple Intervals
Screened Interval File: https:/gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-
03-2023-1554/CBI--Page--26.pdf
Mass Rate of Injection: -999 MMT/yr
Total Mass of Injection: -999 MMT
Actual Injection Temperature: -999 C
Modeled Injection Temperature: -999 C
Fracture Gradient: -999 psi/ft
Maximum Injection Pressure: -999 Pa Elevation Corresponding to Pressure: -999 m

Description of How Fracture Gradient and Maximum Injection Pressure were Determined: -999

Description of How Fracture Gradient and Maximum Injection Pressure were Determined File:

Composition of Injectate: Mixture
List Each Injectate Component with Percentage: -999
Injection Schedule Provided as: Single Injection Period
Injection Start Date: -999 Stop Date: -999
Injection Well #2
Well Direction: Vertical
Location: X: -999 Model Units Y: -999 Model Units
Wellbore Diameter: Constant
Wellbore Diameter: -999 cm
Well Screen Interval Provided as: Multiple Intervals
Screened Interval File: https:/gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-
03-2023-1554/CBI--Page--28.pdf
Mass Rate of Injection: -999 MMT/yr
Total Mass of Injection: -999 MMT
Actual Injection Temperature: -999 C
Modeled Injection Temperature: -999 C
Fracture Gradient: -999 psi/ft
Maximum Injection Pressure: -999 Pa Elevation Corresponding to Pressure: -999 m

Description of How Fracture Gradient and Maximum Injection Pressure were Determined: -999

Description of How Fracture Gradient and Maximum Injection Pressure were Determined File:

Composition of Injectate: Mixture
List Each Injectate Component with Percentage: -999
Injection Schedule Provided as: Single Injection Period

Injection Start Date: -999 Stop Date: -999
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Injection Well #3

Well Direction: Vertical
Location: X: -999 Model Units Y: -999 Model Units

Wellbore Diameter: Constant

Wellbore Diameter: -999 cm

Well Screen Interval Provided as: Multiple Intervals
Screened Interval File: https:/gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-

03-2023-1554/CBI--Page--30.pdf

Mass Rate of Injection: -999 MMT/yr

Total Mass of Injection: -999 MMT

Actual Injection Temperature: -999 C

Modeled Injection Temperature: -999 C

Fracture Gradient: -999 psi/ft
Maximum Injection Pressure: -999 Pa Elevation Corresponding to Pressure: -999 m
Description of How Fracture Gradient and Maximum Injection Pressure were Determined: -999

Description of How Fracture Gradient and Maximum Injection Pressure were Determined File:

Composition of Injectate: Mixture

List Each Injectate Component with Percentage: -999
Injection Schedule Provided as: Single Injection Period
Injection Start Date: -999 Stop Date: -999

Number of Production/Withdrawal Wells: O

Model Output/Results

Provide file name and corresponding spatial location for each file: -999

Time-Series File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-03-2023-
1554/CBI--Page--20.pdf

Provide file name and corresponding variable and time stamp for each file: -999

Snapshot File: https://gsdt.pnnl.

Page--23.pdf

Provide file name and corresponding description of surface for each file: -999

Surface Flux File: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-PreConstruction/AoRModeling-01-03-2023-
1554/CBI--Page--24.pdf

Sensitivity Analysis Description/Results: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-

PreConstruction/AocRModeling-01-03-2023-1554/CBI--Page--25.pdf

AoOR Pressure Front Delineation
Lowermost USDW:
Name of Lowermost USDW: -999
Water Density: -999 kg/m”3 at Elevation: -999 m
Location of Measurement for Density: -999
Temperature: -999 C at Elevation: -999 m
Location of Measurement: -999
Pressure: -999 MPa at Elevation: -999 m
Location of Measurement: -999
Salinity: -999 mg/L at Elevation: -999 m
Location of Measurement: -999
Elevation of bottom of USDW: -999 m
Injection Zone:
Name of Injection Zone: Lower Miocene
Water Density: -999 kg/m”3 at Elevation: -999 ft
Location of Measurement: -999

Temperature: -999 F at Elevation: -999 ft
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Location of Measurement: -999
Pressure: -999 psi at Elevation: -999 ft
Location of Measurement: -999
Salinity: -999 mg/L at Elevation: -999 ft
Location of Measurement: -999
Elevation of top of Injection Zone: -999 ft
Method of Estimating Critical Pressure: Other
File Describing Critical Pressure Estimation: https://gsdt.pnnl.qov/alfrescol/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--21.pdf
Estimated Critical Pressure: -999 psi
Delineated AoR:
Shapefile or KML File Showing Delineated AoR: https://asdt.pnnl.qov/alfrescol/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AoRModeling-01-03-2023-1554/CBI--Page--22.pdf

Corrective Action

Corrective Action Comments: No corrective action plans needed.

Area of Review and Corrective Action Plan [40 CFR 146.82(a)(13) and 146.84(b) or applicable state
requirements]

Are you making an Area of Review and Corrective Action Plan submission at this time?: Yes
Reason for Project Plan Submission: Other (specify):

Updated plume model discussion.

Project Plan Upload

Attach the Area of Review and Corrective Action Plan: https:/gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-0007/Phasel-
PreConstruction/AocRModeling-01-03-2023-1554/3_AOR_CBI.pdf
Appendices and Supporting Materials Upload

Attach Any Supporting Documentation for the AoR and Corrective Action Plan: https://gsdt.pnnl.qov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-LA-
0007/Phasel-PreConstruction/AoRModeling-01-03-2023-1554/2 Plume_Model CBI.pdf

Model CBI_12.22.2022.pdf

Area of Review Reevaluation [40 CFR 146.84(e) or applicable state requirements]
Minimum fixed frequency of AoR reevaluation: 1 Years
Are you making an Area of Review reevaluation submission at this time?: No

Reevaluation Background

Reevaluation Materials

Please upload your amended AoR and Corrective Action Plan on the previous tab.

Complete Submission
Authorized submission made by: William Gurrola

For confirmation a read-only copy of your submission will be emailed to: theresa.cu@lonquist.com
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